The global burden of dengue and its geographic distribution have increased over the past several decades. The introduction of dengue in new areas has often been accompanied by high case-fatality rates. Drawing on the experience in managing dengue cases at the Queen Sirikit National Institute of Child Health in Bangkok, Thailand, this article provides the authors' perspectives on key clinical lessons to improve dengue-related outcomes. Parallels between this clinical experience and outcomes reported in randomized controlled trials, results of efforts to disseminate practice recommendations, and suggestions for areas for further research are also discussed.
Notwithstanding the striking advances in the science of medicine, we continue to be reminded that medical progress is often driven by the observations of astute clinicians, even without the benefit of advanced technology. The recognition of massive gastrointestinal fluid loss associated with Ebola virus infection [1] and microcephaly due to congenital infection with Zika virus [2] are just 2 recent examples of major practice-changing connections made by clinicians.
In the late 1950s, outbreaks in Southeast Asia of severe illness presented a challenge to clinicians [3] [4] [5] . The constellation of fever, shock, and hemorrhage was distinct and unfamiliar. Mortality was unacceptably high as clinicians struggled to better recognize and manage cases of this new illness. Despite the substantial limitations at that time in the laboratory diagnosis of viral diseases and confounding outbreaks of other mosquito-borne illnesses such as chikungunya, the essential features of dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS) were identified, and the major principles for appropriate management were defined [6] . Despite many years of effort to develop more specific therapeutics for dengue and DHF/DSS, the observations made by the astute physicians of the time remain very relevant today.
EXPERIENCE AT BANGKOK CHILDREN'S HOSPITAL/ QUEEN SIRIKIT NATIONAL INSTITUTE OF CHILD HEALTH
Bangkok Children's Hospital, which was designated the Queen Sirikit National Institute of Child Health (QSNICH) by Her Majesty the Queen in 1997, has been at the forefront of clinical experience in dengue case management since the first outbreak of DHF in Thailand in 1958. Professor Suchitra Nimmannitya from QSNICH proposed the original criteria for diagnosis of DHF/DSS and dengue management guidelines adopted by WHO in 1975, updated by WHO in 1986 [7] and 1997 [8] , and adopted by WHO SouthEast Asia Regional Office in 2011 [9] . QSNICH has provided care to a large number of dengue patients; outpatient visits range 3000-10 000 cases per year and in-patient admissions range 600-2500 cases per year. The number of cases of severe/complicated dengue referred to QSNICH ranges 100-250 per year.
The outcomes of care for dengue patients at QSNICH have served as a standard for comparison. The overall case-fatality rate (CFR) for dengue patients at QSNICH, including referrals, is 1%-5%, and the CFR for patients who present to the outpatient department (walk-in patients) is <0.1% (Table 1) . QSNICH staff have been invited by the WHO or national governments on numerous occasions since the 1970s to assist local medical and public health personnel in responding to outbreaks of dengue. This assistance has included the review of dengue case records and the development and dissemination of clinical practice guidelines and has resulted in dramatic and sustained reductions in CFRs. QSNICH has been designated a WHO Collaborating Centre for Case Management of Dengue/DHF/DSS since 1997, with renewal of the designation in 2002, 2007, 2012, and 2016 . QSNICH is also designated by the Department of Medical Services, Thailand Ministry of Public Health, as a Dengue Centre of Excellence for its breadth of clinical, research, and outreach activities ( Table 2) .
LESSONS LEARNED FROM CLINICAL EXPERIENCE
This extensive clinical experience in management of dengue cases at QSNICH and consultations with clinicians who are encountering unfamiliar outbreaks of severe dengue have led to the identification of several common themes for improvement of dengue case management to achieve sustained reductions in the CFR (Table 3) . A major point of emphasis for training of clinical staff is awareness of the typical course of illness for each of the clinical categories: dengue fever (DF), dengue hemorrhagic fever/dengue shock syndrome (DHF/DSS), and atypical manifestations/expanded dengue syndrome (EDS). As an example, the typical course of DHF/DSS is illustrated in Figure 1 . Both the progression of the underlying disease process and the response to intervention are remarkably consistent; however, frequent and discerning clinical observation and appropriate laboratory support are required to recognize this course and any deviations from it so as to minimize complications.
Early Diagnosis of Dengue Patients and Referral to the

Appropriate Level of Care
The majority of dengue cases are mild; severe cases are mostly related to 2 well-known pathophysiologic hallmarks: plasma leakage and bleeding. Management in the early stage of illness is therefore aimed both at the detection and the prevention of progression to the more severe manifestations. Failure to suspect dengue sufficiently early in illness and to identify cases at increased risk for severe disease for referral for admission are major contributors to poor outcome. Maintaining a high level of suspicion, using clinical and laboratory findings to identify those cases reaching a critical phase of the illness, and providing careful instructions to outpatients have been important components of the management strategy at QSNICH.
To maintain an appropriate level of concern, it is important to consider dengue in the differential diagnosis of all acute febrile illnesses (AFI) in endemic countries. Symptoms or signs that increase the suspicion of dengue include bleeding, headache, retro-orbital pain, myalgia, arthralgia/bone pain, and rash [10] . Diarrhea and respiratory symptoms are less common in dengue but should not exclude it from consideration. Clinical practice at QSNICH is to perform a tourniquet test and complete blood count (CBC) in all AFI patients without an obvious site of infection; the presence of a positive 2008  2009  2010  2011  2012  2013  2014  2015  Total   All   Cases  1297  790  789  713  393  881  419  508  5790   Deaths  8  5  2  7  2  3  0  5 Because the clinical findings and laboratory tests mentioned above are not specific to dengue, their predictive values are dependent on the pretest probability of dengue. This predictive value therefore may be lower in patient populations that differ from QSNICH patients in age, underlying diseases, and common nondengue febrile illnesses, especially during periods of low dengue virus transmission. Rapid diagnostic tests for dengue are becoming increasingly available and can be helpful if used judiciously. Assays for NS1 antigen have high sensitivity early in illness, but the sensitivity declines by day 5. The sensitivity of NS1 assays is also generally lower in secondary dengue virus (DENV) infections [11] , where the concern for severe illness is greater. Assays for anti-DENV immunoglobulin M antibody are most useful after day 5 of illness, but they also have lower sensitivity in secondary DENV infections.
For the outpatient evaluation of suspected dengue cases, patients are followed daily from day 3 of illness onward to ensure careful evaluation during the critical phase of illness ( Figure 1) . A CBC is obtained daily; the evolution of the hematologic parameters is very useful to guide the clinician in detecting the onset of plasma leakage. Leukopenia with relative lymphocytosis is a harbinger of defervescence in the next 24-48 hours and the need for close observation. Thrombocytopenia (platelet count ≤100 000 cell/mm 3 ) signals the onset of the period of plasma leakage in DHF, although it is also common in DF [10, 12] . A rise in hematocrit ≥20% of the previous or baseline value indicates plasma leakage; smaller increases in hematocrit (≥10%) may reflect early plasma leakage and should be closely monitored and managed accordingly by the clinician. The potential for complications of dengue to develop rapidly demands ongoing caution. In addition to recommending daily follow-up, patients who are being followed as outpatients must be counseled on appropriate home care and on attending to warning signs warranting an earlier return to the clinic for re-evaluation. Patients should maintain a high intake of fluids and a soft diet. Acetaminophen is recommended for relief of fever, in addition to tepid sponging. Patients at QSNICH (and their caregivers) are provided a handout advising immediate return to the hospital upon the occurrence of any of several warning signs of more severe dengue illness ( Table 4) .
The principal reason for hospital admission for patients with dengue is for management during the critical (leakage) phase of illness, usually not until after 4 days of fever. Suspected dengue patients who are in the febrile phase of illness may warrant hospitalization for moderate to severe dehydration, which would arise from vomiting and/or very poor appetite. Patients who fall into ≥1 of the high-risk groups (infants aged <1 year, obese, elderly, or pregnant patients, and patients with underlying diseases including G6PD deficiency, hemoglobinopathy, diabetes, hypertension, heart disease, chronic kidney disease, or cirrhosis) may also warrant early admission.
Early Detection of Plasma Leakage and Optimal Fluid Management
The clinical experience at QSNICH, reinforced by clinical studies at many other institutions, has emphasized plasma leakage as the pathophysiologic feature of greatest significance to the outcome of dengue. Delayed treatment of intravascular hypovolemia can result in prolonged shock, leading to organ failure and a high mortality rate. The tools for correct management of this complication, standard crystalloid solutions, are widely available, and most patients will respond quickly to treatment. However, errors in management occur when intravenous fluids are administered without sufficient care. Training at QSNICH stresses the dynamic nature of plasma leakage in dengue and the need to titrate intravenous fluids based on frequent assessments of intravascular blood volume, which are done through a combination of clinical and laboratory observations. The consequences of inadequate replacement of a significantly depleted intravascular fluid volume are widely understood by clinicians. However, insufficient attention has been given to the risks of excessive fluid administration, which can lead to the delayed complication of respiratory failure during the phase of resorption of extravascular fluid.
The critical (plasma leakage) period of DHF typically starts around the time of the transition from the febrile to the afebrile phase. The recommended parameters to be monitored routinely in dengue patients hospitalized at QSNICH are listed in Table 3 . Laboratory support for frequent CBC determinations is essential because the CBC helps to detect the critical phase. Thrombocytopenia (≤100 000 cells/mm 3 ) is a sensitive marker of dengue cases with plasma leakage, but its specificity is lower because it may also be observed in patients with DF [14] . At QSNICH, defervescence or thrombocytopenia trigger more frequent hematocrit measurements (every 4-6 hours). A rise Indications for hospital admission -Moderate to severe dehydration -High-risk conditions -Shock or impending shock-narrowing of pulse pressure (≤20 mm Hg); hypotension (systolic BP <80 in adults or children aged >5 y); orthostatic hypotension; delayed capillary refill (> 2 secs); rapid and weak pulse; cold clammy skin; irritability or restlessness; no urine output > 4 h -Leukopenia and/or thrombocytopenia with poor appetite -Clinical deterioration when fever subsides -Change of consciousness -Residence distant from hospital or inconvenient to return to the hospital (if warning signs occur) -Family anxiety/concern Parameters to be monitored during the critical phase of illness (hospitalized patients) -General conditions: appetite, vomiting, bleeding, capillary refill time (normal < 2 sec) -Vital signs: T, P, RR, BP every 2-3 h in nonshock patients, every hour in shock patients, and every 15 min in profound shock patients (until BP is restored) -Hematocrit every 4-6 h in uncomplicated cases and more frequent in unstable patients or those with suspected/ massive bleeding -Urine output every 8 h in uncomplicated cases and hourly in patients with profound/prolonged shock or those with fluid overload (expected urine output is 0.5 mL/kg/h, based on ideal body weight)
Abbreviations: BP, blood pressure; P, pulse; RR, respiration rate; T, temperature.
in hematocrit of 10%-15% above baseline is an early objective indicator of plasma leakage. In contrast, clinical fluid accumulation in the chest (pleural effusion) or abdomen (ascites) is often a late finding [13] . A right lateral decubitus chest X-ray or chest and abdominal ultrasound is useful to document the presence and degree of plasma leakage, especially when there is diagnostic uncertainty. However, these tests are not usually essential for acute management because the more readily available clinical parameters mentioned above are adequate to guide care. Fluid management for plasma leakage in dengue patients is guided by the principle of just adequate replacement of fluid loss to achieve the optimal balance of resuscitation from hypovolemia and minimization of the potential for fluid overload once extravascular fluid is resorbed. Patients with dengue respond differently than patients with sepsis to fluid therapy; with close monitoring, as described above, the clinician can respond quickly to the development of hypovolemia, while the patient will respond quickly to intervention. The type, volume, and duration of intravenous fluids are all important considerations. Because the fluid loss is approximately equivalent to plasma, isotonic crystalloid solutions are recommended, except in very young infants (<6 months of age), in whom 0.45% sodium chloride may be used. In patients with massive plasma leakage and those who do not respond to the minimum volume of crystalloid, hyperoncotic colloid solutions such as 10% dextran-40 in saline are used. Iso-oncotic colloids or albumin are not recommended. Except in patients with shock, the volume of fluid administration in patients with plasma leakage is limited to maintenance fluid requirements plus 5% deficit (5% of body weight) to account for dehydration; if patients are taking oral fluids, the recommended volume reflects the total of oral and intravenous fluids. Recommended infusion rates are given in Table 5 . However, frequent assessment of volume and hydration status is essential to ensure adequate fluid replacement because the rate of plasma leakage varies between patients.
Limiting the duration of intravenous fluid therapy to the minimum necessary is essential to reduce the occurrence of intravascular fluid overload during the resorption phase, which typically begins 12-24 hours after resolution of leakage. Patients with shock are already well into the critical (leakage) phase, and intravenous fluids are typically needed for no more than 24-36 hours after resuscitation. Once these patients respond to the initial fluid infusion, the infusion rate is reduced at programmed intervals over the next 24 hours to 5 mL/kg/h by 6 hours, 3 mL/kg/h by 12 hours, and <3 mL/ kg/h by 18 hours. Frequent clinical evaluations are necessary to detect any recurrence of shock. Patients with plasma leakage who are not in shock may have been identified at a very early point of the critical period. A lower initial infusion rate is used in these cases, adjusted for the degree of hemoconcentration (see Table 5 ), and frequent clinical evaluations are used to determine the need to increase the infusion rate. These patients may need a slightly longer duration of fluid administration because plasma leakage may increase before it resolves; however, fluids should not be continued longer than 60-72 hours unless other complications occur.
When patients with dengue do not respond adequately to fluid administration, it usually indicates the occurrence of ≥1 complication. The acronym ABCS has been used to highlight 4 common complications: acidosis, bleeding, calcium (hypocalcemia), and sugar (hypoglycemia). Laboratory evaluations important in the management of DHF grade IV (profound shock) and patients who respond poorly to therapy include capillary or venous blood gas, serum lactate, electrolytes, calcium, liver function tests, BUN, creatinine, uric acid, coagulation profile, cardiac enzymes, and amylase. A right decubitus chest X-ray and/or abdominal ultrasound is helpful to document the degree of plasma leakage; the latter examination can also help to evaluate the etiology of abdominal pain. Low serum albumin (<3.5 gm% in most patients and <4 gm% in obese patients) is a useful, although less reliable, indicator of plasma leakage when these imaging modalities cannot be obtained. If laboratory testing is not available, empiric administration of calcium gluconate and vitamin K is appropriate. Empiric administration of sodium bicarbonate is only recommended in cases with persistent shock after 30 minutes or more of resuscitation efforts.
In the great majority of cases managed appropriately, plasma leakage ceases within 24-48 hours. Recovery is indicated by the findings of stable pulse, blood pressure, and respiratory rate, normal temperature, return of appetite without vomiting or abdominal pain, good urinary output, stable hematocrit at baseline level, and absence of evidence of external or internal bleeding. A convalescent rash, which occurs as pruritic erythematous macules intermingling with areas of whitish discoloration on the extremities [15] , may be seen; this is an indication that patients have entered the recovery phase. Some patients will show sinus bradycardia; in most cases, no treatment is indicated, but rare cases have been reported of myocarditis and/or heart block requiring specific treatment [16] . Mild tachypnea is seen in some patients due to resorption of large volumes of extravasated fluid back into the circulation. If respiratory distress occurs along with signs of pulmonary edema/congestion, diuretic treatment is needed. Patients are discharged from the hospital when fever has been absent for 48 hours, there has been improvement in general clinical condition (well-being, appetite, hemodynamic status, and urine output), and the hematocrit and platelet count have both stabilized off intravenous fluid therapy.
Management of Major Bleeding Complications
Bleeding is common in dengue [14] . In contrast with expectations arising from use of the term hemorrhagic fever, however, bleeding is mild in most patients, even though both thrombocytopenia and capillary fragility (demonstrated by a positive tourniquet test) are quite common. Such bleeding typically involves the skin (petechiae, ecchymoses) and mucosae (epistaxis, gum bleeding). However, internal bleeding is an important contributing factor for severity in a minority of patients and may lead to shock and fatality if not promptly recognized and managed. The gastrointestinal tract is the most common site for internal bleeding. Use of nonsteroidal anti-inflammatory drugs (NSAIDs) may be associated with a gastric ulcer and an increased risk of bleeding, particularly in adults. Hematemesis and melena are the most common clinical findings but may be absent or delayed in their presentation. Abdominal pain can be a prominent symptom. Other manifestations of bleeding include menorrhagia (in women), hematuria, and hemoptysis. Hemoglobinopathies are common in dengue endemic areas and may predispose these individuals to nonautoimmune hemolytic anemia and hemoglobinuria. The risk of bleeding is greatly increased in patients with severe plasma leakage who develop hypovolemic shock. Clinicians should maintain a high level of suspicion for internal bleeding in cases that do not respond to usual fluid resuscitation, especially in the presence of normal or low hematocrits. A decrease in hematocrit may be absent despite significant acute blood loss due to the time required for fluid redistribution and hemoconcentration resulting from plasma leakage.
Transfusion is indicated in patients with significant bleeding. The primary objective of transfusion in this setting is to improve oxygenation. Fresh whole blood should be given at 10 mL/kg/dose or 1 unit in adults. If volume overload is a concern, packed red blood cells should be given at 5 mL/kg/ dose or 1 unit in adults. The transfusion should be carried out over 1 hour, and hematocrit readings should be obtained before and after transfusion. In the absence of ongoing blood loss, the hematocrit should increase by 5 points after transfusion at this recommended amount.
Prophylactic platelet transfusions have not been shown to be beneficial in pediatric or adult dengue [17, 18] and are not recommended. Platelet transfusion may be considered if the platelet count is <10 000 cells/mm 3 in adults with underlying conditions that might predispose to bleeding, such as hypertension or the use of medications that interfere with coagulation (eg, aspirin or other anticoagulants).
Early Recognition and Management of Less-Common Dengue Syndromes (Unusual Manifestations or Expanded Dengue Syndrome)
Plasma leakage and bleeding are the most frequent findings in severe dengue cases and are the major focus for clinical management. However, other complications of dengue are increasingly being recognized. End-organ involvement, such as liver and kidney failure and encephalopathy, is mostly the consequence of shock from plasma leakage or bleeding. Treatment for these conditions is primarily supportive. Early recognition of these complications is important so treatment can be initiated or adjusted accordingly. For instance, in cases with fluid overload and oliguric renal failure, renal replacement therapy such as dialysis or plasmapheresis may be needed.
Patients with DSS are sometimes initially misdiagnosed as septic shock. Atypical presentations, such as cases with high fever and leukocytosis with a predominance of neutrophils, increase the difficulty in recognizing dengue as the cause. Plasma leakage may not be apparent initially despite profound shock. Pleural effusion is difficult to detect on supine chest X-rays obtained on critically ill patients, and concealed internal bleeding obfuscates the expected increase in hematocrit from plasma leakage. Empiric treatment for bacterial infection is warranted until culture results are available, but fluid resuscitation following the more conservative guidelines is important because the higher volume of intravenous fluids used in septic shock will increase the risk for volume overload during the resorption phase of DSS. Early use of blood transfusion is another important lesson from the management of DSS because this will mitigate tissue hypoxia that would further contribute to prolonged shock, additional bleeding risk, and complications of organ dysfunction.
Central nervous system manifestations such as altered consciousness and convulsion are frequently observed in severe dengue cases [19] . This may reflect primary viral infection of the central nervous system (dengue encephalitis [20] ), although more commonly it is secondary to liver failure (hepatic encephalopathy). The principle for the treatment of hepatic encephalopathy is to maintain adequate oxygenation and proper fluid balance and avoid further liver injury from drugs. Judicious use of fluid is critical to avoid or alleviate brain edema due to an increase in intracranial pressure (ICP); fluid intake should not exceed 80% of maintenance fluid requirements in hemodynamically stable cases. Hyperventilation and elevated head position may be used to decrease ICP. Measures to decrease ammonia production should be initiated, including administration of lactulose to induce osmotic diarrhea and oral neomycin to reduce gut bacteria and ammonia production. Dexamethasone (0.15 mg/kg/dose) may be administered intravenously every 6-8 hours to reduce ICP. Extra care is required to avoid administration of drugs with liver side effects or toxicity. In severe cases with fluid overload and oliguric renal failure, renal replacement therapy such as dialysis or plasmapheresis may be needed.
EVIDENCE BASE FOR CLINICAL LESSONS IN DENGUE MANAGEMENT
Randomized controlled clinical trials (RCTs) represent the acknowledged gold standard of evidence for medical interventions, yet few aspects of management of dengue have been subjected to this level of scrutiny. As a result, most elements of current practice guidelines rely on expert opinion. Given the many areas of general consensus and low CFRs at experienced centers, these elements are unlikely to be subjected to RCTs in the near future.
Randomized Controlled Trials
A search of the PubMed database yields >20 published RCTs in acute dengue illness, of which approximately two-thirds have been published since 2000 [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . These studies have mostly failed to show statistically significant differences in outcomes and therefore largely have reinforced expert opinion. We review these briefly to highlight insights they provide into the typical outcomes from standard treatment guidelines and the difficulties in evaluating the components of these guidelines.
One group of RCTs focused on management of severe dengue cases. These studies enrolled subjects with established DHF or DSS; several studies required subjects to have failed to respond to standard fluid therapy. This study design led to enrollment late in the course of illness. The modalities tested have been different intravenous fluids using the same algorithms [21, 23, 26, 37] or the supplementation of standard care with potential disease modulators such as corticosteroids [38] , activated factor VII [24] , or pentoxyfylline [29] . Most studies showed either no differences between groups or found small differences in the clinical response to treatment that were not considered clinically meaningful. In earlier studies, CFRs in the control groups were substantial, as high as 44% in 1 study [39] , providing clear and clinically important outcomes for statistical analyses. More recent studies have demonstrated much lower CFRs; in several studies, no deaths were recorded, even among subjects presenting in profound shock [21, 26, 37] . These results highlight the success of optimized treatment protocols and demonstrate the challenges for the design of clinical trials to improve on current management strategies.
A second group of studies, including most of those published since 2010, focused on management of dengue from an early stage. These studies enrolled subjects within the first 48-72 hours of onset of illness. Consequently, the frequency of severe clinical outcomes has been low. The treatment modalities tested have included candidate antiviral agents (eg, chloroquine [27, 32] , balapiravir [30] , or celgosivir [33] ) and immunomodulators (eg, corticosteroids [31] , lovastatin [36] ), and the principal measures of efficacy have been a reduction in viremia and/or illness. These studies show that the typical duration of illness and viremia after the initial presentation is 2-5 days and that most patients with dengue seen during the early stage experience mild disease without complications and do not require specific therapy.
Comparisons of Clinical Outcomes Before and After Training
Although evidence to support current management strategies is largely lacking from RCTs, historical data support the value of the clinical lessons described above in reducing morbidity and mortality from dengue. Since the first designation of QSNICH as a WHO CC, staff have been expatriated as WHO Short Termed Consultants or Temporary Advisors to help in dengue case management in the following countries: Bangladesh, Bhutan, Brazil, Cambodia, Cape Verde, India, Indonesia, Lao PDR, Malaysia, Maldives, Myanmar, Pakistan, Philippines, Sri Lanka, Sudan, Timor Leste, and Vietnam. Table 6 compares the dengue CFRs before and after training of local staff in 10 outbreak areas between 2001 and 2011; each region saw a reduction in the CFR, which was often substantial. Details on the results of training in Timor Leste in 2005 have been published [40] ; the program led to an immediate reduction in CFR from 12% to 3.6%, with improvement sustained for at least 1 year. Follow-up data are not available to assess the effects of training in Lahore, Pakistan, in 2011. However, the CFR was 1.7% (n = 364/21 597) with 10-15 deaths recorded each day for 1 month before the training, and this was quickly reduced such that only 1 death was recorded in the 10 days after training was conducted. Reductions in CFR have been sustained through follow-up training programs in Thailand 
RESEARCH NEEDS
Notwithstanding the success of current strategies for management of dengue cases, there are substantial challenges in achieving optimal outcomes. This is particularly the case in settings with limited frontline availability of trained staff, clinical laboratory support, and/or supplies for treatment. As illustrated by the experience at QSNICH and elsewhere, lapses in care during the early phase of severe dengue have a lasting negative impact on clinical outcomes, even after transfer to an experienced, well-equipped referral center. We propose at least 4 areas of research to further improve outcomes.
Early Phase Case Management/Triage: Hospital Admission Criteria
Decisions on hospital admission versus outpatient follow up of suspected dengue cases and the frequency of re-evaluation remain challenging. Early during illness, indications of more severe illness are absent or subtle. Medical personnel with less training or experience may miss these early signs, contributing to delays in initiation of optimal therapy and consequently to increased morbidity and mortality. Recent guidelines promulgated by the WHO [41] have proposed a revised case classification of dengue illness and case management algorithms tied to each of the categories of dengue, dengue with warning signs, and severe dengue. We and others have expressed concerns about these revised management guidelines [42] . The expanded indications for referral for hospital admission in the revised guidelines were intended to improve early recognition of more severe cases, but the low specificity of these criteria has been found to result in overuse of admission [43, 44] , which strains resources further and can lead to iatrogenic complications. Several different algorithms to identify patients at high risk for severe dengue at early time points have been generated from prospective studies [45] [46] [47] . However, none of these algorithms has been independently validated. Further research on implementation of algorithms for initial management of suspected cases is needed. The ideal instrument would use data readily obtained in low-resource settings and require minimal training or technical expertise.
Goal-Directed Fluid Management
As described above, optimal fluid management in dengue cases with plasma leakage requires close monitoring, experienced staff, and laboratory support. However, although there is broad agreement on the need to balance the restoration of intravascular volume with avoidance of volume overload, there are significant differences of opinion on the selection of fluids and infusion rates. The few RCTs mentioned above that have addressed fluid therapy have focused on the choice of intravenous fluids, and there have not been RCTs to establish an optimal fluid dosing regimen. Trials that more specifically define the clinical parameters to be targeted with intravenous fluid administration would facilitate training, particularly if they incorporate measurements that can readily be performed at the bedside such as with low-cost noninvasive devices [48] .
Proof-of-Concept Antiviral/Immunomodulatory Therapies
Although results of RCTs have been disappointing to date, the consistent observations that severe dengue illness involves high viremia titers early in illness [49, 50] and the excessive activation of immune responses [51, 52] provides a strong rationale for the use of antiviral and/or immunomodulatory therapies in dengue. Relatively poor in vitro activity against DENV may explain the past failures of candidate antiviral agents. Immunomodulatory therapy may need to be more specifically targeted than the agents tested to date (eg, against vascular endothelial growth factor [VEGF] activity). Because the most familiar drugs have already been tested, candidate agents will likely need to be studied initially in small, proof-of-concept trials. Candidates that are not feasible for broad use, either because of difficulty in delivery or costs, could still provide critical information about effective classes of agents that would help to direct further drug development.
Biomarkers
Recent studies have identified biomarkers and noninvasive measurements that appear to have promise for guiding the triage and management of dengue patients [48, 51, [53] [54] [55] . However, these observations are based on very small studies that have not been validated. In addition, many of these parameters change significantly over the course of dengue illness, as is seen for viremia and cytokine levels [49, 52] . Further studies are needed to establish the sensitivity and specificity of these parameters in a range of real-world clinical scenarios. These studies should identify patient populations where their application is likely to have the greatest impact on the processes and outcomes of care. The development of low-cost, point-of-care devices to measure these parameters for use by frontline clinicians [48] would represent a significant advance in dengue case management.
CONCLUSIONS
Inasmuch as efforts to control dengue virus transmission have not yielded progress to date, it is fortunate that morbidity and mortality from dengue have been successfully reduced, even in settings with modest healthcare resources. Clinical experience has identified several key principles for timely recognition and attentive management of plasma leakage and severe bleeding, the major contributors to poor outcomes in dengue. Training programs that disseminate this knowledge from referral centers to new outbreak areas have achieved significant reductions in CFRs, but opportunities still exist for well-conducted clinical trials to clarify and improve best clinical practices.
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